Purpose: This study aimed to install an RTK-GPS (Real Time Kinematic-Global Positioning System) and IMU (Inertial Measurement Unit) on a tractor used in a farm to measure positions, pasture topography, posture angles, and vibration accelerations, translate the information into maps using the GIS, analyze the characteristics of grass harvesting work, and establish new technologies and construction standards for pasture infrastructure improvement based on the analyzed data. Method: Tractor's roll, pitch, and yaw angles and vibration accelerations along the three axes during grass harvesting were measured and a GIS map prepared from the data. A VRS/RTK-GPS (MS750, Trimble, USA) tractor position measuring system and an IMU (JCS-7401A, JAE, JAPAN) tractor vibration acceleration measuring systems were mounted on top of a tractor and below the operator's seat to obtain acceleration in the direction of progression, transverse acceleration, and vertical acceleration at 10Hz. In addition, information on regions with bad workability was obtained from an operator performing grass harvesting and compared with information on changes in tractor posture angles and vibration acceleration. Results: Roll and pitch angles based on the y-axis, the direction of forward movements of tractor coordinate systems, changed by at least 9-13° and 8-11° respectively, leading to changes in working postures in the central and northern parts of the pasture that were designated as regions with bad workability during grass harvesting. These changes were larger than those in other regions. The synthesized vectors of the vibration accelerations along the y-axis, the x-axis (transverse direction), and the z-axis (vertical direction) were higher in the central and northwestern parts of the pasture at 3.0-4.5 m/s2 compared with other regions. Conclusions: The GIS map developed using information on posture angles and vibration accelerations by position in the pasture is considered sufficiently utilizable as data for selection of construction locations for pasture infrastructure improvement.
Introduction
Agriculture in the 21th century is becoming more dependent on information technology (IT). IT is now widely applied to agricultrul production and marketing activities, digital agriculture, digital marketing, and digital management (Kwon et al., 2014) . IT contributes much to agriculture and rural development through efficient farm management, risk management, effective information or knowledge transfer.
Korean agriculture is confronted with labor shortage, the aging of farmers, and decrease in the number of farmers . One possible solution to these problems is the use of advanced production management information systems that can promote labor saving and lower the cost of agricultural outputs. Advanced information management can be achieved by applying IT, such as geographic information system (GIS) and commonly used navigation sensors include a real-time kinematic global positioning system (RTK-GPS).
Although pastures are not different from grasslands in that they are places for livestock grazing and for collection of grass intended as feed, they are different in that whereas mainly wild grass grows in grasslands, improved grass is intensively grown in pastures. Therefore, in pastures, unlike crops such as rice and barley that are general food, perennial forage crops can be continuously produced for at least five years through one seeding. Recently, large machinery has been introduced for grass harvesting in a dairy farm in Japan. To improve the working efficiency of large machinery, it is necessary to modify the irregularities of grass-land terrain. However, there are no effective criteria for modification of such irregularities. The pasturage cultivation area in Korea increased from 8,735 ha in 2000 to 10,856 ha in 2010. The number of pasturage cultivating farms has also seen an increase during the same period, from 4,277 to 6,003, and the number of farms with a 3 ha or larger pasturage cultivating area has risen from 594 in 2005 to 735 in 2010. In particular, the number of farms that manage a pasture of at least 10 ha in area has also risen from 113 in 2000 to 145 in 2010. Therefore, supply and use of large tractors have been universalized for pasture management and harvests.
Since harvesting work using tractors in pastures is performed on unpaved terrains, tractor operators are exposed to physical hazards such as vibrations and noise as well as biological hazards such as dust while they work (Park et al., 2004) . Among them, noise and dust can be blocked to some extent by the tractor cabin. However, along with self-vibrations from the tractor engine and working machinery, vibrations due to the terrain of the pasture act induce further hazards for tractor drivers (Pope & Hansson, 1992; Kumar et al., 2001) . Therefore, studies on ride vibrations have been conducted in Korea and other countries to improve operators' health, work safety, and work efficiency, and reduce accidents (Chung et al., 1993; Marsili et al., 2002; Deprez et al., 2005; Kim et al., 2008 ; Kim et al., 2014) .
The purpose of the present study was to generate topographical maps using GIS for grass harvesting and use this information to incorporate newer technologies and construction standards for pasture infrastructure improvement. To achieve this, we install an RTK-GPS and an IMU on a tractor used in a farm to measure positions, pasture topography, posture angles and vibration accelerations.
Materials and Methods

Experimental site
A plot-scale experiment was conducted in Hokkaido in a 2.9 ha pasture. Tractor (MD107, Kubota, Osaka, Japan) roll, pitch, and yaw angles, and vibration accelerations of the x-, y-and z-axes during grass harvesting were measured and GIS maps generated. During grass harvesting, a mower conditioner with a mowing width of 3 m was mounted on the testing tractor and the vibration data were collected with tractor running at a speed of 3.0 m/s straight path. Vibration data along curves were ignored in the present study. In addition, information on difficult-to-mow regions (risk of tractor overturning, higher the traction power, of the mower conditioner, and unstable working pasture) was collected from the operator that performed the harvesting work. Figure 1 shows the work path of the tractor (blue point) measured using an RTK-GPS during the grass harvesting in the pasture and the green polygon area where workability was considered hazardous.
Position and vibration acceleration measuring system
Figure 2 shows a schematic of the the tractor vibration acceleration and position measuring systems that were used in this study. Position information was obtained by mounting a VRS/RTK-GPS (MS750, Trimble, USA) with a degree of precision of 2 cm on the top of the tractor cabin and obtaining data at a frequency of 10 Hz. Vibration data during grass harvesting were obtained by mounting an IMU(JCS-7401A, JAE, JAPAN) below the operator's seat, which measured the acceleration in the progression, transverse, and vertical directions at 10 Hz. In addition, all the measured vibration acceleration data were corrected by deducting gravity values. All sensor information was synchronized with the timing of acquisition by the VRS/ RTK-GPS and was stored in a computer through RS-232C. GIS maps were generated using the ArcGIS9.1 GIS software from ESRI. Figure 3 shows the tractor coordinate system and the ground coordinate system. The ground coordinate system is defined as an orthogonal right hand coordinate system in which the z-axis is in the vertical upward direction. The tractor coordinate system is defined as an orthogonal right hand coordinate system in which the y-axis is in the direction of forward movements of the tractor, the x-axis is in the direction to the right, and the z-axis in the vertical direction.
Correction of tractor vibration acceleration
The tractor's posture angles are defined as yaw angles (φ), roll angles (  ) and pitch angles (  ) shown in Figures 3 and 4. In the case of vibration acceleration data, the IMU measured values were corrected by deducting the component forces in individual axis directions.
If the acceleration of the tractor coordinate system is defined as (        ) and the acceleration of the ground coordinate system is defined as        , these can be shown by Equation (1).            is an orthogonal matrix and if it is defined by Equation (2), the values can be defined by Equation (3). (4) where, if values measured by the IMU are defined as         , gravity vectors in the ground coordinate system are defined asn (0, 0, G), and the amount of correction of vibration acceleration is defined as ∆   ∆   ∆  , the values can be shown by Equation (5) and the vibration acceleration         of the tractor after correction can be shown by Equation (6).
Results and Discussion
Changes in posture angles during grass harvesting work Figure 5 shows a topographical map before the pasture infrastructure construction work. The altitudes of the pasture were in a range of 99-105 m, showing differences in the terrain, and a valley was formed in the terrain in the northern part of the pasture with steep contours. In particular, this region (blue polygon area) was identified through investigation as a region where workability was bad because of unstable working postures during grass harvesting, the risk of the tractor, and decreased traction power of the mower conditioner. Figure 6 shows a map generated using the GIS after obtaining tractor posture angles (roll, pitch, and yaw) information measured during grass harvesting.
As can be seen in Figure 6 (a), the roll angles with reference to the y-axis (the forward movement direction of the tractor coordinate system), changed drastically during grass harvesting in the central part and northern parts of the pasture.
The tractor's roll angles as working postures changed less than 4° in the eastern, western, and southern parts of the pasture but varied by more than 6° in the central and northern parts of the pasture. In particular, working postures varied by 9-13° in hazardous regions.
As shown in Figure 6 (b), pitch angles with reference to the x-axis (the transverse direction of the tractor coordinate system), also changed drastically during grass harvesting in the central, northern, and southern parts of the pasture.
The tractor's pitch angles varied by less than 3° in the eastern and western parts of the pasture but varied by over 5° in many regions in the central, northern, and southern parts of the pasture. In particular, the working posture was shown to vary at least 8-11° in the central and northern parts of the pasture that were designated by agricultural workers as regions where grass harvesting workability was considered hazardous.
Figure 6(c) shows changes in yaw angles with reference to the z-axis, perpendicular to the tractor coordinate system. The tractor's yaw angles varied between 108-126° in the northwestern part of the pasture and did not exceed 54° in the other areas of the pasture. In particular, the large changes in yaw angles in the southern part are attributable to turning.
Therefore, as can be seen in the topographic map in Figure 5 , during grass harvesting, roll and pitch angles were shown to change drastically in regions where contours were steep, thereby affecting worker postures and the workability and safety of large tractors. This information on posture angles by position in the pasture was judged usable as data for selection of locations of constriction for pasture infrastructure improvement. Figure 7 shows a map generated using the GIS with information on vibration acceleration in the transverse and vertical directions of the tractor obtained during grass harvesting.
Changes in vibration acceleration during grass harvesting
As shown in Figure 7 (a), vibration acceleration along the x-axis was shown to be high in the central and northern parts of the pasture.
During grass harvesting, the transverse vibration acceleration of the tractor was shown to be below 0.5 m/s 2 in the eastern, western, and southern parts of the pasture. However, transverse vibration accelerations exceeding 1.5 m/s 2 were shown to be transmitted to the operator in the central and northern parts of the pasture. In particular, work vibrations not lower than 3.5 m/s 2 were shown to occur in the central part of the pasture identified through investigation as a region (blue polygon area) where workability was bad.
As shown in Figure 7 (b), vertical vibration acceleration along the z-axis was shown to occur in a range of 1.4 --1.0 m/s 2 throughout the vibration acceleration and in particular, the distribution of vertical upward vibration acceleration was shown to be larger than that of vertical downward vibration acceleration. During grass harvesting, vibration acceleration perpendicular to the tractor exceeded -0.6 m/s 2 in many regions. In the central and northern regions, which were designated by agricultural workers as areas where grass harvesting workability was bad, vibration acceleration occurred in a range of -0.6 --1.0 m/s 2 . The vibration acceleration along the z-axis, appearing throughout the plot is attributed to the topological being quite uneven. In the case of regions where workability was bad, vertical vibrations were judged to be larger during tractor work compared with other regions because drastic changes in topography appeared, as can be seen from the topographic map in Figure 5 . Figure 8 shows synthetic vectors calculated from vibration accelerations along the y-axis corresponding to the forward movements of the tractor coordinate system, the x-axis corresponding to the transverse direction of the tractor coordinate system, and the z-axis perpendicular to the tractor coordinate system that were used to generate a map using the GIS.
As can be seen from Figure 8 , the synthetic vectors of vibration acceleration of the tractor during grass harvesting were in the range of 0.5-1.5 m/s 2 in the eastern, western, and southern parts of the pasture and between 3.0-4.5 m/s 2 in the central and northwestern parts of the pasture, with the latter identified through investigation as regions where grass harvesting workability was bad. As mentioned earlier, this is attributable to the large changes in topography of these regions. Therefore, changes in vibration acceleration that act as stress on workers during grass harvesting are considered to affect large tractors' workability, similar to tractor posture angles, and can be used as data for selection of locations for pasture infrastructure improvement.
Conclusions
The purpose of the present study was to install an RTK-GPS and an IMU on a tractor used in a farm to measure positions, pasture topography, posture angles, and vibration accelerations, to translate the information into GIS maps, to analyze the characteristics of grass harvesting, and to establish new technologies and construction standards for pasture infrastructure improvement based on the analyzed data. Therefore, the first step was planned to obtain information on tractor's posture angles and vibration accelerations during grass harvesting using an IMU, to analyze the information using the GIS, and to select locations where pasture infrastructure improvement would be necessary. The results are summarized as follows.
Roll and pitch angles with reference to the direction of forward movements (i.e., y-axis) of tractor coordinate systems were shown to be changed by at least 9-13° and 8-11°, respectively, leading to changes in working postures in the central and northern parts of the pasture that were designated by farm workers as regions with bad workability during grass harvest. These changes were larger than those in other regions. In addition, transverse vibration acceleration of the tested tractor (i.e., x-axis) not lower than 3.5 m/s 2 was observed in the central part of the pasture, which was identified through investigation as a region of bad workability, and vertical vibration acceleration along the z-axis that was perpendicular to the tractor coordinate system was shown to occur in a range of -0.6 --1.0 m/s 2 , in regions where grass harvesting workability was bad. These values were higher than those in other regions. Synthetic vectors calculated from vibration accelerations along the three axes were shown as 3.0-4.5 m/s 2 in the central and northwestern parts of the pasture identified through investigation as regions where grass harvesting workability was bad. Therefore, during grass harvesting, posture angles and vibration acceleration were judged to affect large tractors' workability and safety and GIS maps made using such information on posture angles and vibration accelerations by position in the pasture was sufficiently utilizable as data for selection of locations for construction for pasture infrastructure improvement.
